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PERFLUOROACRYLATE ESTER POLYMER

LUBRICANT FOR AN INFORMATION
STORAGE SYSTEM

FIELD OF THE INVENTION

The field of this invention 1s lubricants for use in infor-
mation storage systems. More particularly, the invention
pertains to mnformation storage systems employing a lubri-
cant including perflouroacrylate ester polymer and having
improved anti-wear properties.

BACKGROUND OF THE INVENTION

In information storage systems, such as disk drives found
in personal computers and other data processing devices, a
rigild magnetic storage medium 1s moved relative to a
read/write head to provide information introduction to and/
or retrieval from the magnetic storage medium. The mag-
netic storage medium (also referred to as a “disk” or
“media”) are typically comprised of a rigid substrate, an
underlayer, a magnetic layer and a carbon layer atop the
magnetic layer. In the design of such devices, it 1s most
desirable from a magnetic standpoint to have the read/write
head continually touch the surface of the disk during move-
ment to maximize the signal quality. However, the magnetic
benefits of such a design are outweighed by the wear and
material interactions caused by such a contact arrangement,
and such interactions lead to poor system reliability and
performance.

To reduce the wear and material interactions on the
surface of the disk, a lubricant 1s commonly disposed on the
surface of the disk. A variety of lubricants are used by the
industry. One group of commonly used lubricants are per-
fluoropolyethers (PFPE). There 1s a continued interest in the
development of improved lubricants. This 1s particularly the
case as storage system designs strive for lower “fly heights™.
The fly height 1s known 1n the art to define a certain minimal
distance maintained between the head and the disk during
movement. Lower fly heights increase the need for good
quality lubricants.

Prior art lubricants have been found to be subject to a
number of limitations. For example, lubricants may be
insoluble or otherwise incompatible with other fluids such as
solvents. Also, known lubricants may not be thermally
stable. To 1ncrease the life of the lubricant, various additives
may be added to the lubricant. For example, anti-wear
additives may be added to increase the wear resistance of the
lubricating fluid. In this case, the solubility, stability and
compatibility of the additive must also be evaluated.
Moreover, by-products given off during decomposition of
the lubricant and/or additives can be problematic.

Thus, there 1s interest in the development of improved
lubricants and additives that exhibit good lubricating prop-
erties including wear resistance, are thermally stable, and
soluble or compatible with other fluids.

OBIJECTS AND SUMMARY OF THE
INVENTION

Accordingly, 1t 1s an object of the present invention to
provide an information storage system employing a lubri-
cant exhibiting desirable lubricating properties.

Another object of the present mnvention 1s to provide a
lubricant having improved wear resistance properties.

More particularly, 1t 1s an object of the present invention
to provide a lubricant including a perflouroacrylate ester
polymer on the surface of a disk in an information storage
system.
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2

Another object of the present invention 1s to pr0v1de a
lubricant composition comprised of a mixture of pertluoro-
polyether and perflouroacrylate ester polymer.

These and other objects and advantages are achieved by
the invention herein where an information storage system
comprising a perfluoroacrylate ester polymer lubricant on
the surface of a rigid storage medium 1s provided. In one
embodiment of the subject invention, the lubricant includes
a perfluoroacrylate ester homopolymer having a repeat unit
of the general structure:

where R 1s a perfluoro alkyl chain, linear or branched and
containing 1 to 18 carbon atoms; and X 1s selected from
the group consisting of H, CH,, CF; or C(CE;);.
In an alternative embodiment of the present invention the
lubricant includes a perfluoroacrylate ester copolymer hav-
ing a repeat unit of the structure:

/ COOH COORS X COOH \
[T --CH,--+----- CHZ---'"--CHg---J'"-CP‘IZ--"
\ COORE X COORF COORS /ﬂ

wherein R 1s a pertluoro alkyl chain, linear or branched

and containing 1 to 18 carbon atoms; and X 1s selected

from the group consisting of H, CH,, CF, or C(CF,),.

In a further alternative embodiment, the lubricant com-

position 1S prowded comprising a mixture of perfluoro-
polyether and perflouroacrylate ester polymer.

BRIEF DESCRIPTION OF THE FIGURES

Additional objects and features of the present invention
will become apparent upon reading of the detailed descrip-
tion of the mvention and the appended claims provided
below, and upon reference to the drawings in which:

FIGS. 1a and 1b illustrate polymerization reactions to
produce perfluoroacrylate ester polymers 1n accordance with
two embodiments of the present invention.

FIG. 2 shows a disk 1mn an information storage system
having a lubricant on the surface of the disk in accordance
with the present invention.

FIG. 3 1s a graph showing wear index and maximum
stiction for proximity recording media disks tested contain-
ing lubricants of varying concentrations in accordance with
the present invention.

FIG. 4 shows fly/stiction data for laser zone texture disks
tested with a conventional lubricant and with the lubricant
composition of the present invention.

FIG. § depicts the average stiction data of FIG. 4 as well
as the wear index for laser zone texture disks tested with a
conventional lubricant and with the lubricant composition of
the present invention.

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

An 1mnformation storage system having a lubricant on the
surface of a rigid storage medium (or disk) is provided. The
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lubricant includes a perfluoroacrylate ester polymer. In an
alternative embodiment of the imnvention a lubricant compo-
sition 1s provided comprising a mixture of perfluoro-
polyether (PFPE) and perfluoroacrylate ester polymer.

In accordance with one embodiment of the present
invention, the lubricant includes a perfluoroacrylate ester
polymer, including a homopolymer having a general repeat
structure of the formula:

wherein R 1s a moiety selected from the group of F, CF;,
and a fully substituted perfluoro alkyl chain. The fully
substituted perfluoro alkyl chain may be branched or
linear. More specifically, when R 1s a linear perfluoro
alkyl chain, R is selected from the group (CF,), —CF;,
where m 1s 1 to 18. In the embodiment where the
pertluoro alkyl chain 1s branched, R 1s selected from the
group comprising C(CF;);, Cp(CF;),—C(CF;)s;,
where p 1s 1 to 2. X 1s selected from the group
comprising H, CH,, or CF..

The number of repeat units 1n the polymer 1s represented
by n. n 1s selected such that the total molecular weight of the
polymer 1s 1n the range of approximately 25,000 to 1,000,
000 dal, and preferably 1s 1 the range of approximately
100,000 to 300,000 dal. Preferably, X 1s H and R 1s selected
from the group comprised of (CF,) —CF,, to give a struc-
ture of

where m 15 1 to 18. Most preferably, X 1s H and R 1s
(CF,);—CFs.
In another embodiment of the present invention the lubri-
cant 1ncludes a perfluoroacrylate ester copolymer having a
ogeneral repeat structure of the formula:

COORt X COOH

\'""‘"“-CHQ-" ------ CHZ'""---CHQ---J----CHZ----

COORTt X COORIt COORIL

wherein Rf 1s a moiety selected from the group of F, CF;,
and a fully substituted perfluoro alkyl chain, and
wherein the perfluoro alkyl chain may be branched or
linear. When the perfluoro alkyl chain 1s linear, Rf
selected from the group comprising (CF,), —CF;,
where m 1s 1 to 18. When the perfluoro alkyl chain 1s
branched, Rf 1s selected from the group comprising
C(CF,),, Cp(CFE,),—C(CFE,),, where p1s 1 to 2, X is
selected from the group consisting of H, CH,, CF; or
C(CF;);. In the preferred embodiment, Rf is CH,—
(CF,),.—CF;, and X is H, to give a structure:
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COORIt H

where Rf is CH,—(CF,),.—CF,.

Generally, the perfluoroacrylate ester polymer of the
present 1vention 1s formed by polymerization of pertluo-
roacrylate monomers. The perfluoroacrylate ester polymer 1s
formed by conventional chain reaction polymerization, spe-
cifically by free radical addition that occurs at the carbon
double bonds. In an exemplary embodiment, the pertluoro-
acrylate ester polymer may be formed by the reactions
shown 1 FIGS. 1a and 1b. In FIG. 1la a perfluoro octyl
acrylate monomer 1s subjected to conditions of polymeriza-
fion to form a perfluoroacrylate ester homopolymer. The
pertluoroacrylate ester polymer shown in FIG. 1a 1s mar-
keted and sold under the trade name NYEBAR K.

In an alternative embodiment, a perfluoroacrylate ester
copolymer 1s prepared by polymerization of two monomers
as shown i FIG. 1b. In this exemplary embodiment, a
pertluoroacrylate monomer 1s polymerized with maleic acid
or maleic ester structures to form a perfluoroacrylate ester
copolymer. Other compounds finding use as suitable
co-monomers include styrene and acrylonitrile, €.g, ones
which polymerize with pertluoroacrylate monomers.

The lubricant of the present invention comprising a per-
fluoroacrylate ester polymer will generally be provided 1n
solution with a solvent. The term “solvent” means a solvent
in which the perfluoroacrylate ester polymer 1s soluble, such
as fluorinated organic solvents. Preferably the solvent 1s
PF-5060. The concentration of the polymer in the solvent
will be in the range of approximately 0.1 to 2.0 wt %
polymer, and preferably in the range of 0.2 to 1.0 wt %
polymer.

As described above, the perfluoroacrylate ester polymer
of the present invention may be used as a lubricant alone,
however when the perfluoroacrylate ester polymer 1s used as
a lubricant alone, the polymer lubricant will typically be
present 1n a solvent since the solvent acts as a means for
applying the polymer lubricant to the surface of the disk.
Alternatively, the perfluoroacrylate ester polymer of the
present 1nvention 1s suitable as an additive to another
lubricant thereby providing a lubricant composition for use
in a storage system. In the lubricant composition
embodiment, the perfluoroacrylate ester polymer provides
anti-wear properties that enhance the wear resistance of the
lubricant fluid. Suitable lubricant fluids which may be used
with the perfluoroacrylate ester polymer of the present
invention include perfluoro-polyethers (PFPE) known in the
art such as Ausimont, Z lubes, Ausimont Y lubes, Demnums,
and Krytox lubricants.

To provide a lubricant composition with desirable wear
resistance properties, the perfluoroacrylate ester polymer 1s
added to a conventional lubricant known 1n the art.
Generally, the lubricant composition will be prepared with a
concentration ratio of perfluoroacrylate ester polymer to
lubricant 1n a range of approximately 500/1 to 1/1 wt %/wt
% of perfluoroacrylate ester polymer to lubricant, more
preferably 1n the range of 300:1 to 1:1 and most preferably
in the range of 25:1 to 5:1 wt %/wt % ot perfluoroacrylate
ester polymer to lubricant. In the preferred embodiment,
NYEBAR K 1s used as the perfluoroacrylate ester polymer
and 1s added to a PF-5060 solution of Zdol lubricant to form
the lubricant composition. NYEBAR K is sold as a solution
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in a solvent such as PF-5060, at a concentration 1n the range
of 0.1 to 2.0 wt % of NYEBAR K in the solvent. The
lubricant composition 1s prepared by adding an appropriate
amount of NYEBAR K solution to the PF-5060 lubricant.
The concentration ratio of NYEBAR K solution to lubricant
1s 1n a concentration range of 500/1 to 1/1 wt %/wt % of
NYEBAR K to lubricant, more preferably in the range of
300:1 to 1:1 and most preferably in the range of 25:1 to 5:1
wt %/wt % of NYEBAR K to lubricant. In an alternative
embodiment, NYEBAR K 1s used as the perfluoroacrylate
ester polymer and 1s added to an AM 2001 lubricant to form
the lubricant composition. In this case, the concentrations
are the same, that 1s concentration ratio of NYEBAR K
solution to lubricant 1s 1n a concentration range of 500/1 to
1/1 wt %/wt % of NYEBAR K to lubricant, more preferably
in the range of 300:1 to 1:1 and most preferably 1n the range
of 25:1 to 5:1 wt %/wt % of NYEBAR K to lubricant.

The lubricant and lubricant composition of the present
invention are disposed on the surface of a disk 1n an
information storage system. The mmformation storage system
will comprise at least a head-disk assembly and control
clectronics which may be employed with a computer, printer
or fax machine or other host system. Many different ifor-
mation storage system configurations are known 1in the art,
including those described in U.S. Pat. Nos. 5,097,368;
5,193,046; and 5,317,463. A simplified drawing of an exem-
plary mmformation storage system 1s shown 1 FIG. 2. As
shown 1n FIG. 2 the information storage system 10 includes
a sealed housing 12, a rigid magnetic storage medium 14
which 1s usually 1n the form of a disk, a read/write head 16,
and an actuator assembly 17 having an actuator arm 18 for
positioning the read/write head 16 disposed at the end of the
actuator arm 18 over the surface of the storage medium 14.
Multiple read/write heads may be employed although not
shown 1n the plan view. The read/write head 16 carries a
read/write element (not shown), and the element can be any
type known 1n the art, such as inductive thin film, MIG or
MR. A spindle motor 20 1s provided which mounts the disk
or disks 14 and spins them at a constant speed. A header
assembly 22 1s provided for transferring electronic signals to
and from a motor 24 which positions the actuator and the
read/write head 16 as data 1s transterred to and from the disk
14.

Generally, the surface of the disk 14 will be textured. The
entire surface of the disk may be textured to minimize
stiction, friction, and wear during start-stop cycles.
Alternatively, separate textured data and landing zones may
be provided on the surface of the disk. The lubricant
disposed on the surface of the disk 14 and acts to minimize
wear, friction and stiction between the disk and the read/
write head as the read/write head passes over the disk. Of
particular advantage, the perfluoroacrylate ester polymer of
the present invention provides an improved lubricant and
enhances the wear resistance of the lubricant. The perfluo-
roacrylate ester polymer 1s disposed on the surface of the
disk 14 by means such as dip coating or spin-on coating. To

provide desirable lubricating properties, the thickness of the
perﬂuoroacrylate ester polymer disposed on the surface ot
the disk 1s 1n the range of 50 Ato5 A, and preferably 1s 1n
the range of 25 A to 10A.

The perfluoroacrylate ester polymer 1s thermally stable
and the lubricating properties of the perfluoroacrylate ester
polymer are useful over the temperature range of operation

of the information storage system, 1.€. from approximately
10° C. to 80 ° C.

Experimental

The following tests demonstrate the capablhtles of the
present mvention and such examples are offered by way of
illustration and not by way of limitation.
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Contact Start-Stop Tests

Contact start-stop (CSS) tests were performed in a con-
ventional spin stand. The disks contain lubricants disposed
thereon of varying concentration in accordance with the
present invention. Two types of disks were tested using the
lubricant of the present invention. The disks tested were
Proximity recording media disks, as known in the art were
tested. The disks are a mechanical full surface texture disk

having a C/N,, carbon surface. Also, laser zone texture media
disks with landing zone bump heights of approximately 165
A and a C/H, carbon surface were tested.

The average wear index and maximum stiction for the
proximity recording media disks are shown 1n FIG. 3. The
wear 1ndex and maximum stiction are plotted as a function
of the lubricant composition polymer to solvent wt % ratio.
FIG. 4 shows {fly/stiction data for laser zone texture disks
tested with a conventional lubricant and with the lubricant
composition of the present invention. Specifically, three sets

of disks were tested using a conventional lubricant (a high
molecular weight (HMW) ZIDOL lubricant), and being

disposed on the surface of the disks at 15 A, 20 A and 25 A
thicknesses. Two sets of disks containing two different
compositions of the lubricant of the present invention were
tested. The first set containing a lubricant composition
composed of HMW ZIDOL and NYEBAR K 1n a concen-
tration ratio of 10:1; and the second set containing a lubri-
cant composition composed of medium molecular weight

(MMW) ZIDOL and NYEBAR K in a concentration ratio of
10:1. Both of these lubricant compositions of the present
invention were applied to the disks at a thickness of 15 A.

FIG. § plots the average maximum stiction for the data
depicted 1n FIG. 4, as well as the average wear index for
these disks. As shown, the addition of the perfluoroacrylate
ester polymer of the present invention lowers the wear index
and reduces the maximum stiction. Of particular advantage,
when we look at the same lubricant thickness and compare
the performance of the lubricants, for example at 15 A, we
sec that the lubricant of the present invention improves the
wear 1ndex without hindering the stiction performance.
Moreover, the index and maximum stiction are significantly
reduced when the concentration ratio of polymer to solvent
in wt % 1s 1n the range of approximately 25:1 to 12:1. Thus,
the lubricant of the present invention 1s suitable as an
anti-wear additive and 1s shown to exhibit desirable wear
resistance properties. Moreover, the perfluoroacrylate ester
polymer of the present mvention 1s compatible with com-
monly used solvents thereby providing for versatility and
case of use, as well as exhibiting thermal stability.

It 1s evident from the above results and discussion that
information storage systems having improved lubricants are
provided. The lubricants comprising a pertluoroacrylate
ester polymer provide a low wear index and exhibit low
stiction, and are compatible with conventional solvents and
other lubricating fluids while remaining thermally stable
over operating temperature ranges.

The mvention now being filly described, 1t will be appar-
ent to one of ordinary skill in the art that many changes and
modifications can be made thereto without departing from
the spirit or scope of the appended claims.

What 1s claimed 1s:

1. An mformation storage system comprising:

a rigid mformation storage medium;

at least one read/write head comprising a transducer for
information introduction and/or retrieval from said
medium;

an actuator supporting said at least one read/write head for
moving sald transducer relative to said storage
medium; and
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a lubricant disposed on the surface of said storage
medium, wherein said lubricant includes a pertluoro-
acrylate ester polymer.

2. The storage system of claim 1 wherein said perfluoro-

acrylate ester polymer 1s carried 1 a solvent solution.

3. The storage system of claim 1 wherein said lubricant
further comprises a lubricant composition of a mixture of
said pertluoroacrylate ester polymer and perfluoro-polyether
(PEFPE).

4. The storage system of claim 1 wherein said perfluoro-
acrylate ester polymer 1s a homopolymer and has a repeat

unit of the structure:

/

CH,
X---C---COOCH,- - -R

CH,

\

wherein R 1s a moiety selected from the group consisting
of F, CF,, and perfluoroalkyl chains having 1 to 18
carbon atoms and where said perfluoroalkyl chains may
be branched or linear, and X 1is selected from the group
consisting of H, CH, and CF..

5. The storage system of claim 4 wherein the perfluoro-
alkyl chain 1s selected from the group consisting of
(CFE,),,—CF;, C(CF5);, and C(CF;),—C(CF;);, and where
m i1s 1 to 18, and p 1s 1 to 2.

6. The storage system of claim 1 wherein said pertluoro-
acrylate ester polymer 1s a homopolymer.

7. The storage system of claim 1 wherein said perfluoro-
acrylate ester polymer 1s a copolymer.

8. The storage system of claim 1 wherein said pertluoro-
acrylate ester polymer 1s a copolymer having a repeat unit of
the structure:

COOH COORF X COOH
L--T----CHZ- -1----- CH,- CHZJ- -CPllg- -- -
COORF X COORE COORF

wherein Rf 1s a moiety selected from the group consisting
of F, CF,, and a perfluoroalkyl chain having 1 to 18
carbon atoms, where said perfluoroalkyl chain may be
linear or branched, and X 1s selected from the group
consisting of H, CH;, CF; and C(CF;)s.

9. The storage system of claim 8 wherein the pertluoro-
alkyl chain 1s selected from the group consisting of
(CE,),—CF;, C(CF3)3, and C,(CF;),—C(CF;); and where
m is 1 to 18 and p 1s 1 to 2.

10. The storage system of claim 1 wherein the perfluo-
roacrylate ester polymer has a molecular weight in the range
of approximately 25,000 to 1,000,000 dal.

11. The storage system of claim 1 wherein the perfluo-
roacrylate ester polymer has a molecular weight 1n the range
of approximately 100,000 to 300,000 dal.

12. The storage system of claim 3 wherein said lubricant
composition has a concentration ratio 1 the range of
approximately 500:1 to 1:1 weight % perfluoroacrylate ester
polymer to perfluoropolyether (PFPE).

13. The storage system of claim 3 wherein said lubricant
composition has a concentration ratio 1 the range of
approximately 25:1 to 5:1 weight % pertluoroacrylate ester
polymer to PFPE.
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14. The storage system of claim 2 wherein the concen-
tration of the perfluoroacrylate ester 1n said solvent solution
1s 1n the range of approximately 0.1 to 2.0 weight percent.

15. The storage system of claim 1 wherein said perfluo-
roacrylate ester polymer has a repeat unit of the structure:

H---C-- 'COOCHZ_(CFQ)M _CFg.

CH,

\

16. The storage system of claim 3 wherein said pertluo-
roacrylate ester polymer has a repeat unit of the structure:

/

H-=--C==- COOCHQ— (CFz) 16~ CF3

and said lubricant composition has a concentration ratio 1n
the range of approximately 500:1 to 1:1 weight % perfluo-

roacrylate ester polymer to PFPE.

17. A disk for use 1n an information storage system
characterized 1n that a lubricant including a perfluoroacry-
late ester polymer 1s disposed on the surface of said disk.

18. The disk of claim 17 wherein said lubricant 1s com-
prised of a lubricant composition having a mixture of PFPE
and perfluoroacrylate ester polymer.

19. The disk of claam 17 wherein the perfluoroacrylate
ester polymer has molecular weight 1n the range of approxi-
mately 25,000 to 1,000,000 dal.

20. The disk of claim 17 wherein the perfluoroacrylate
ester polymer has molecular weight 1n the range of approxi-
mately 100,000 to 300,000 dal.

21. The disk of claim 18 wherein said lubricant compo-
sition has a concentration ratio 1n the range of approximately
500:1 to 1:1 weight % perfluoroacrylate ester polymer to
PFPE.

22. The disk of claim 18 wherein said lubricant compo-
sition has a concentration ratio in the range of approximately
25:1 to 5:1 weight % perfluoroacrylate ester polymer to
PFPE.

23. The disk of claim 17 wherein said perfluoroacrylate
ester polymer 1s carried 1 a solvent solution, and the
concentration of the perfluoroacrylate ester polymer 1n said
solvent solution 1s 1n the range of approximately 0.1 to 2.0
welght percent.

24. The disk of claim 17 wherein said perfluoroacrylate
ester polymer 1s a homopolymer and has a repeat unit of the
structure:

/

X-==-C=--COOCH;- - -R

CH,

wherein R 1s a moiety selected from the group consisting
of F, CF3 and perfluoroalkyl chains having 1 to 18
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carbon atoms, where said pertluoroalkyl chains may be
branched or linear, and X 1s selected from the group
consisting of H, CH,, and CF,.

25. The disk of claim 24 wherein said perfluoroalkyl chain

is selected from the group of (CF,) —CF,, C(CFE,),, and 3

C,(CF3),—C(CF5);, and where m 1s 1 to 18, and p 1s 1 to
2.

26. The disk of claim 17 wherein said pertluoroacrylate
ester polymer 1s a homopolymer.

27. The disk of claim 17 wherein said perfluoroacrylate
ester polymer 1s a copolymer.

28. The disk of claim 17 wherein said pertluoroacrylate
ester polymer 1s a copolymer having a repeat unit of the
structure:

COORt X

wherein Rf 1s selected from the group consisting of F, CF,
and a perfluoroalkyl chain having 1 to 18 carbon atoms,

and where the perfluoroalkyl chain may be branched or
linear, and X 1s selected from the group consisting of H,
CH;, CF; and C(CF;)s;.

29. The disk of claim 28 wherein the perfluoroalkyl chain

is selected form the group consisting of (CF,),—CF;,
C(CF5)s, and C (CF;),—C(CF,); and where m 1s 1 to 18,

and pis 1 to 2 and X is H, CH;, CF; or C(CF;);.
30. An information storage system comprising:

a r1gid mformation storage medium;

at least one read/write head comprising a transducer for
information introduction and/or retrieval from said
medium;

an actuator supporting said at least one read/write head for
moving said transducer relative to said storage
medium; and
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lubricating means for lubricating the surface of said
storage medium, wherein said lubricating means
includes a pertluoroacrylate ester polymer.
31. The storage system of claim 30 wherein said perfluo-
roacrylate ester polymer 1s a homopolymer having a repeat
unit of the structure:

/

X---C---COOCH,- - -R

CH,

whereimn R 1s a moiety selected from the group consisting
of F, CF,, and perfluoroalkyl chains having 1 to 18
carbon atoms, and where said perfluoroalkyl chains
may be branched or linear, and X 1s selected from the
group consisting of H, CH;, CF; and C(CFE;)s.

32. The storage system of claim 30 wherein said perfluo-

roacrylate ester polymer 1s a copolymer having a repeat unit
of the structure:

COOH COORf X COOH
LT ---CHy= - ---"- CHZ--------CHZ----J-- -CPllg' -- -
COORf X COORf COORf

wherein Rf 1s a moiety selected from the group consisting
of F, CF, and perfluoroalkyl chain having 1 to 18

carbon atoms, and where said pertfluoroalkyl chain may
be branched or linear, and X 1s selected from the group

consisting of H, CH,, CF; and C(CF,);.

¥ ¥ H ¥ H
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